In vitro studies suggest that bone marrow endothelial cells contribute to multilineage hematopoiesis, but this function has not been studied in vivo. We used Cre/loxP-mediated recombination to produce mice that lacked the cytokine receptor subunit gp130 in hematopoietic and endothelial cells. Although normal at birth, the mice developed bone marrow dysfunction that was accompanied by splenomegaly due to extramedullary hematopoiesis. The hypocellular marrow contained myelo-erythroid progenitors and functional repopulating stem cells. However, long-term bone marrow cultures produced few hematopoietic cells despite continued expression of gp130 in most stromal cells.
Introduction
The IL-6 family of cytokines includes IL-6, IL-11, oncostatin M, leukemia inhibitory factor, ciliary neurotrophic factor, and cardiotropin-1. All these cytokines bind to receptors that share the signaling subunit gp130 1, 2 . Because many cells express these receptors, gp130-dependent signaling is thought to have numerous important functions.
Indeed, mice lacking gp130 in all cells die from diverse morphological abnormalities during development 3 , and postnatally induced deletion of gp130 in all cells causes defects in many systems 4 . Since gp130 is so widely expressed, clarifying gp130-dependent functions requires targeted deletion of gp130 in specific cell types. For example, myocyte-restricted deletion of gp130 in mice causes apoptosis that results in heart failure 5 .
Global deletion of gp130 decreases hematopoietic progenitors in fetal liver 3 , and postnatally induced deletion of gp130 causes hematopoietic defects 4 . It is not known whether these abnormalities result from loss of gp130 signaling in hematopoietic cells, other cells in the microenvironment, or both. Cultured hematopoietic cells respond directly to IL-6-related cytokines [6] [7] [8] [9] [10] . However, endothelial cells also express gp130 11 ,
and there is a close developmental relationship between hematopoietic and endothelial cells, which may arise from hemangioblasts or specialized hemogenic endothelial cells in early fetal life [12] [13] [14] [15] [16] . Cultured endothelial cells derived from adult bone marrow or fetal yolk sac support multilineage hematopoiesis 12, 13, 17, 18 , but this broad function has not been demonstrated in vivo. Stimulation of megakaryocyte progenitors with some chemokines, but not with IL-6 or IL-11, causes them to adhere to bone marrow
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This study provides evidence that endothelial cells contribute to hematopoiesis in one lineage, but it does not address whether IL-6-family cytokines participate in crosstalk between hematopoietic and endothelial cells during hematopoiesis.
Here, we used Cre/loxP-mediated gene recombination to selectively delete gp130 in hematopoietic and endothelial cells of mice. Although fetal and neonatal hematopoiesis was normal, the adult mice developed bone marrow dysfunction. Intrinsic defects in hematopoietic stem and progenitor cells were not apparent even when anemia was severe. Transplantation experiments revealed that hematopoiesis required expression of gp130 in the bone marrow microenvironment. These data provide evidence that gp130-dependent signaling in bone marrow endothelial cells contributes significantly to hematopoiesis.
For personal use only. on . by guest www.bloodjournal.org From with XhoI, and electrophoresis on agarose gels (see Fig. 1A and B). Mice backcrossed at least 6 generations into the C57/BL6J background were used in most experiments, and littermate controls were used to ensure genetic comparability. To obtain ROSA26R/TCre mice, TCre mice were bred with ROSA26 reporter mice obtained from the Jackson Laboratory 21 .
Materials and methods

Mice
Antibodies
Monoclonal antibodies to Stat3 and PECAM-1 and rabbit polyclonal antibodies to Tie2 and gp130 were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). Goat anti-rabbit IgG conjugated to Alexa 568 and donkey anti-rat IgG conjugated to Alexa 488
were from Molecular Probes (Eugene, OR). FITC-conjugated monoclonal antibodies and all other unlabeled monoclonal antibodies were from BD Biosciences (San Diego, CA).
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Confocal microscopy
Frozen tissue sections were fixed in acetone for 10 min at -20˚C. The sections were incubated with rabbit anti-gp130 antibodies and rat anti-PECAM-1 monoclonal antibody, followed by goat anti-rabbit IgG conjugated to Alexa 568 and donkey anti-rat IgG conjugated to Alexa 488. Images were visualized on a Leica TCS NT confocal microscope (Leica Microsystems, Heidelberg, Germany).
Hematological analysis and histology
Blood was collected by retro-orbital puncture into heparinized tubes. Complete blood counts were determined using a Serono 9000 cell counter (Serono-Parker Diagnostics, Inc., Allentown, PA). Blood smears were stained with MayGrunwald/Giemsa. Formalin-fixed tissues were embedded in paraffin, sectioned, and stained with hematoxylin-eosin. Tissues from ROSA26R and ROSA26R/TCre mice were fixed and stained with X-Gal for 16 
Immunoblots
Murine tissues were lysed with Tissue-PE LB buffer (Geno Technology, Inc.).
Splenic T cells and cultured endothelial cells or stromal cells were lysed in cold 50 mM NaCl, 50 mM Tris-HCl, pH 7.5, 1% Triton X-100, 50 mM NaF, 1 mM PMSF, 10 µg/ml aprotinin, 5 µg/ml leupeptin, 1 mM Na 3 VO 4 , and 5 mM EDTA. Proteins (30 µg) were resolved by SDS-PAGE, transferred to Immobilon P membranes, and probed with antibodies using a chemiluminescence detection system (Amersham Biosciences, Piscataway, NJ).
Cell sorting and flow cytometry
Bone marrow cell suspensions were enriched for lineage-negative cells by incubation with monoclonal antibodies to CD45RA, CD19, Mac-1, Gr-1, and TER-119, followed by negative selection on a MACS separation system (Miltenyi Biotec, Auburn, CA). The enriched cells were stained with FITC-conjugated monoclonal antibodies to the lineage markers B220, Mac-1, Gr-1, CD2, CD3, and CD8, with PE-conjugated monoclonal antibody to Sca-1, and with APC-conjugated monoclonal antibody to c-kit.
The cells were sorted into Lin 
Colony forming assays
The clonal growth of myelo-erythroid progenitors was measured as described 23 .
Briefly 
Endothelial cell and long-term bone marrow cultures
Endothelial cells isolated from murine lung were cultured as described 24 . 
Mice lacking gp130 in hematopoietic and endothelial cells develop bone marrow dysfunction
Although the gp130 flox/flox /TCre mice appeared normal at birth, most of them died by 12 months of age (Fig. 3A) . A reduction in body weight often preceded death.
Histological examination of older survivors or of the mice that died revealed no obvious morphological abnormalities in the heart or in other non-hematopoietic organs. At 1 week of age, the mice had normal peripheral blood counts (unpublished data). However, the mice developed anemia and myeloid leukocytosis at age 4 weeks, which became much more pronounced at age 12 weeks (Table 1) For personal use only. on . by guest www.bloodjournal.org From
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After age 4 weeks the mice gradually developed splenomegaly (Fig. 3C ) with a mean 2.5-fold increase in spleen weight. Large numbers of immature myelo-erythroid cells and megakaryocytes replaced the normal splenic architecture (Fig. 3D) . In sharp contrast, the vascular niche of the bone marrow became hypocellular and developed expanded sinusoidal spaces (Fig. 3D) . The sole exception to the decreased cellularity of the vascular niche was the retention of normal numbers of megakaryocytes. As in normal bone marrow 19 , the megakaryocytes were closely associated with sinusoidal endothelial cells (see Fig. 2D ). Silver staining revealed no evidence of bone marrow fibrosis (unpublished data). Based on morphological criteria, maturation of the residual myeloid and erythroid cells appeared normal. Unlike the decreased cellularity in the vascular niche, the endosteal niche adjacent to bone retained normal numbers of cells (Fig. 3D) .
Consistent with the histological appearance, the number of cells expressing myeloid, erythroid, or B cell markers decreased in bone marrow and increased in spleen (Fig. 3E ).
The gp130 flox/flox /TCre mice also developed cortical atrophy of the thymus (unpublished data) with reduced numbers of thymic T cells at all stages of development (Fig. 3E ). Although the bone marrow was hypocellular, it retained normal numbers of clonable myeloid and erythroid progenitor cells responsive to IL-3, stem cell factor, and erythropoietin, whereas the spleen had large increases in progenitor cells (Fig. 4A) . Lin 
Bone marrow from
flox/flox /TCre stromal cells (Fig. 5C ).
Immunocytochemical analysis indicated that most gp130
flox/flox /TCre stromal cells still expressed gp130 (Fig. 5D) , and immunoblots revealed no detectable decrease in gp130 protein in stromal cell lysates (Fig. 5E ). Endothelial cells, a much less common component of the stromal cell layer 35 , were not morphologically identifiable. However, immunoperoxidase analysis revealed that ~1-2% of the stromal cells in both Although there is considerable evidence for the contribution of other mesenchymal stromal cells to hematopoiesis 37 , the role of bone marrow endothelial cells has been less well studied. In vivo, adhesion of hematopoietic stem cells to osteoblasts in the bone marrow endosteal niche supports their quiescence and survival [38] [39] [40] . Matrix metalloproteinase 9-mediated release of soluble kit-ligand shifts these cells to the 
Bone marrow transplantation does not transfer or cure the hematopoietic defects in
be relevant to hematological disorders that are refractory to bone marrow transplantation 48, 49 . Adult bone marrow has attracted considerable attention as a potential source of multipotential stem cells for regeneration of diverse tissues 50, 51 . Although hemangioblasts were originally thought to be restricted to early embryos, more recent studies suggest that they are also present in adult bone marrow [52] [53] [54] [55] [56] . If so, the hemangioblasts in WT marrow could not readily replace the gp130-deficient endothelial cells that arose from Tie2-expressing progenitors in recipient mice. It will be important to determine whether other sources of stem cells can restore marrow function in these mice. For personal use only. on . by guest
